Several approaches were investigated in order to achieve the goal of producing a lighter and safer vehicle. These approaches included studying of downsize the vehicle (applied especially after 1973); and the replacement of conventional structural materials with innovative materials, which gave similar or better performance with less weight. Almost every part of the vehicle structure was investigated by replacement with another one made from non-conventional material.
INTRODUCTION
Efficiency and dynamic behavior of a vehicle are strongly affected by its weight. Taking into consideration comfort, safety and emissions in modern automobiles, lightweight design is more of a challenge than ever in automotive engineering. Several approaches were investigated in order to achieve the goal of producing a lighter and safer vehicle. These approaches includes: to downsize the vehicle (applied especially after 1973); another approach is to substitute conventional structural materials with innovative materials, which give the same or better performance with less weight. Almost every part of the vehicle structures was investigated by replacement with another one made from non-conventional material. For example vehicle frame was replaced with another made totally from aluminum (made by Ford Corporation). Also the steel body was replaced by aluminum one (made in a model of Audi's cars). The new trend is to replace steel structural parts with aluminum reinforced ones, sometimes the reinforcement could be carbon fibers, but this is limited to racing and luxury cars only.
The role of new materials that fulfill these specified requirements is of great importance. The composite materials give the solution for these problems in design and can be tailored to satisfy the required needs. Because of their high strength, stiffness and low density, composites are currently being considered for many automotive applications due to the potential for the reduction of weight and more durable parts (improved in: corrosion resistance, fatigue life, wear and impact resistance), such as: drive shafts, springs, bumpers, interior panels, brake shoes and engine parts.
The main goal of this paper is to study the vehicle structural mechanics during crash (frontal impact) and to search for the most suitable type of composite materials (Kevlar/Epoxy and Carbon/Epoxy) to replace the conventional one in individual automotive structural parts (rails, bumper, fender, doors and wheelhouse) to improve the performance of the vehicle by decreasing the vehicle weight, increasing the power -to -weight ratio and improve the energy absorption capacity.
To make a good proposal for this study, the energy absorption of the different components of the model should be studied to make a good selection for the parts wish would be change its materials, and also the composite materials to be studied have to be specified.
THEORETICAL STUDY
Some theoretical concepts are in great position to obtain and manipulate different types of equations and to understand some related problems in crash analysis. The global model of the truck is described according to Finite Element Method as a numerical solution for the current problem.
The numerical study includes crash pulse, applications of the kinematics relationships in the analysis of restraint coupling and also the crash effects on the car structure and materials. The approach of energy absorption in composites for automotive crashworthiness is discussed.
Crash Theoretical Study
A basic characteristic of a vehicle structural response in crash testing and model simulation is the "crash signature," commonly referred to as the crash pulse. This is the deceleration time history at a point in the vehicle during impact. The crash pulse at a point on the rocker panel at the B-pillar is presumed to identify the significant structural behavior and the gross motion of the vehicle in a frontal impact. Other locations, such as the radiator and the engine, are frequently chosen to record the crash pulse for component dynamic analysis. The nature of the crash response depends on the mass, structural stiffness, damping at that location, and on external interactions from neighboring components. Applications of the kinematics relationships in the analysis of restraint coupling and ridedown efficiency are covered [1, 4] .
Energy Absorption in Composites for Automotive Crashworthiness
Many criteria, in addition to a material being crashworthy, have to be met before one can begin the use of a particular composite as a crash energy absorber in automobiles. The primary ones are low costs involved in its manufacture and the materials being readily available. Once a composite material is identified to meet the above necessary requirements, one ought to know the effect that all the controllable parameters (like fiber arrangement, specimen geometry etc.) will have on its energy absorption capabilities, in an attempt to design the most crashworthy structure. Though in the past several researchers have investigated the energy absorption capabilities of composite materials, and now we can understand the effect of all the parameters on the energy absorption characteristics of each candidate composite material. [1] , [5] LS_DYNA Approach of Modeling contact algorithms. Several types of contact interfaces can be defined in LS-DYNA. These include surface-to-surface, nodes to surface, nodes tied to surface, automatic single surface, and surface tied to surface contacts [2, 3] .
MODELING
Finite element models of vehicles have been increasingly used in preliminary design analysis, component design, and vehicle crashworthiness evaluation, as well as roadside hardware design. Several vehicles models have been developed at U. S. Department of Transportation over the past years.
The finite element model of 1994 Chevrolet C-2500 pick-up truck which is used in this study, was developed at the NCAC for the Federal Highway Administration (FHWA) and the National Highway Traffic Safety Administration (NHTSA).
The Chevrolet C-2500 truck is a multi-purpose pickup truck. The vehicle obtained by the NCAC is a Regular-Cab, Fleet side Long-Box with a total length of 5.4 meters and a wheelbase of 3.34 meters. The engine is a 4.3 liter Vortec V6 with electronic fuel injection coupled to an automatic transmission with a rear wheel drive configuration.
The truck was first disassembled and grouped into seven main groups, the frame, front inner, front outer, cabin, doors, bed and miscellaneous. The three dimensional geometric data of each component was then obtained by using a passive digitizing arm connected to a desktop computer. The surface patches generated from specified digitized data were stored in AutoCAD in IGES format. These IGES files were then imported into PATRAN for mesh generation and model assembly. The model was then translated from PATRAN, which outputs a neutral file; into an LS-DYNA3D input file using a translator called HPD developed at the NCAC [1, 6, 7] . Tables 1 and 2 list the main data and main parameters of the C2500-finite element model and some comparisons with the actual tested vehicle [9] . Figure 1 shows the isometric, top, and bottom views of the full C-2500 truck FE model, respectively, and Fig. 2 shows the C2500 pickup truck frame. The hood of the truck was removed in the top view for display purposes [9] .
The studied model must be validated by subjecting this model to the crash tests, followed by comparison between the resulting curves (velocity and acceleration) at different locations of the vehicle (seat cross member, engine top and engine bottom), with that of the NCAC simulation and the actual test models. Figures (3, 4, 5, 6 and 7) show that the results of the studied model are closely to the results of the NCAC model.
MODEL RESULTS AND ANALYSIS
It is important to analyze the energy absorption by the different components in the vehicle. This can be obtained in the simulation by computing the material internal energies in the model. The absorbed energy of the materials is the sum of the plastic strain energy and the elastic strain energy. Table 3 shows the percent of total energy mitigated through the different components [1, 8] .
Based on the previous table, it is confirmed that the mentioned parts (rails, bumper, fender, doors and wheelhouse (Fig. 8)) are the effective parts which have 47.87 % of the total internal energy absorption in the frontal impact with full rigid wall at an initial velocity of 55.8 km/hr. Table 4 shows that the Kevlar epoxy and carbon epoxy have higher specific energy absorption [5] .
Studied model was used to present the effect of front impact after changing the original material (steel) of some parts (rails, bumper, fender, doors and wheelhouse) with the proposed materials (Kevlar/epoxy, carbon/epoxy). The nodes 2061924 (driver seat) and 2061940 (engine top) as shown in Fig. 9 were chosen to be tested, because they represent the driver location and deformation during the crash test. A comparison of displacement, velocity and internal energy is made for the chosen parts after changing their materials with composite materials. The effect of frontal impact is studied for each part individually, and the best composite material for each part is assigned. Table 5 shows the characteristics of steel in the used LS-DYNA3D material model. The Mechanical properties of the unidirectional composite (Kevlar/Epoxy and Carbon/Epoxy) are shown in Table 6 . The resulting curves are plotted in only the longitudinal direction (x direction), because the car did not rotate significantly around the z-axis even after the max. deformation point is reached, because of that, the y and z directions are neglected. The original material of the inner rails, total rails, bumper, doors, fender and wheel housing is changed to carbon/epoxy and Kevlar/epoxy.
The results for the displacement and velocity of nodes 2061924 and 2061940 and for the internal energy of the original material and when changing the parts materials to carbon/epoxy and to Kevlar/epoxy will be shown for each part individually. (Fig. 11 to Fig. 27 and Table7)
Figures 28 and 29 show that the kevlar/epoxy and carbon/epoxy provide the maximum displacement and maximum time when velocity reaches zero in case of changing bumper, fender, door and wheel housing material. The maximum internal energy is less than that of the original model (Fig.30 ) but accepted especially for the Kevlar/epoxy results. Figures 28 and 29 show also that the material changing of the main carrying load parts (rails) with carbon/epoxy provide the maximum displacement and maximum time at which velocity reach zero and so the maximum internal energy (Fig. 30) .
The inner rails (Ri) and the total rails (Rt) material changed with carbon/epoxy, and in the same time the other parts (bomber (B), fender (F), door (D) and wheel housing (W)) materials changed with Kevlar/epoxy. Figure 36 show that the internal energy of all the trials is less than that of the original model except in the case of changing the total rails, fender, door and wheel housing material together. (See also Fig. 33 ) Tables 8 and 9 show that the maximum total weight reduction occurred in the last case (Rt-FDW), and this weight reduction gives a good effect on the C.G. location (C. G. move downward).
CONCLUSIONS
Because of their high strength, stiffness and low density, composites are currently being considered for many automotive applications due to the potential for the reduction of weight and more durable parts (improvement in: corrosion resistance, fatigue life, wear and impact resistance) In this study composite materials are used instead of steel to reach a lighter safe vehicle.
The real crash tests are too much expensive and complicated. LS-DYNA is one of the advanced powerful finite element codes and is used in this study because of its high capabilities to simulate the crash tests, observe and measure a great amount of important parameters for crashworthiness evaluation.
A multi-purpose finite element model of a 1994 Chevrolet C-2500 pick-up truck is modified and used to address vehicle safety issues, including front impact with a full rigid wall by applying the composite material in the main rail (inner and total), bumper, fender, doors and wheel housing) separately and then in combinations.
Some parts were chosen (effective parts with maximum values of the internal energy) to test them by crashworthiness, then comparing the results (Displacement, Velocity and Internal energy) for each part by applying the composite material at the chosen part.
The usage of composite material in the selected parts individually or in combinations of parts together with respect to steel, showed that:
• carbon/epoxy is suitable for the main carrying load parts (rails)
• Kevlar/epoxy is suitable for the other parts (bumper, fender, door and wheel housing) • Changing the total rails material with Carbon/EpoxyAS4/3501-6 and changing the other parts (fender, door and wheel housing) materials with Kevlar49/Epoxy gives 4.3% weight reduction, 214% increasing in the internal energy, (1.1-19%) increasing in the maximum displacement and about 3% decreasing in the time of zero velocity with respect to the original model results. (a) NCAC FE model and actual test [9] (b) Studied model. 
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